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Statement of Problem
 ,QFUHDVHGDSSOLFDWLRQWHPSHUDWXUHVRIWXUELQHGLVNVLQMHW
  HQJLQHVFDQDFWLYDWHGZHOOIDWLJXHHQYLURQPHQWLQWHUDFWLRQV
  5HIDQG
 ,QWHUJUDQXODUFUDFNLQLWLDWLRQDQGSURSDJDWLRQDUHRIWHQ
  REVHUYHGDW°&DQGKLJKHUUHGXFLQJOLIH
 )DWLJXHWHVWVZLWKGZHOOVRIVWUHVVRQQRWFKHGDQGSUHFUDFNHG
  VSHFLPHQVDUHRIWHQXVHGWRVWXG\WKLVZKLFKLVH[SHQVLYHDQG
  WLPHFRQVXPLQJ
 /RZFRVWDOWHUQDWLYHWRROVDUHQHHGHGWRPRUHUDSLGO\VFUHHQWKH
  VXVFHSWLELOLW\RIYDULHGGLVNVXSHUDOOR\VWRWKLVFUDFNLQJ
 (QHUJ\DQGSHWURFKHPLFDOLQGXVWULHVXWLOL]HVORZVWUDLQUDWH
  WHQVLOHWHVWV$670*±WRDVVHVVPDWHULDOV¶UHVLVWDQFHWR
  LQWHUJUDQXODUFUDFNLQJLQFRUURVLYHHQYLURQPHQWV5HI
 &RXOGVXFKDQDSSURDFKEHDSSOLHGWRDVVHVVWKHSURSHQVLW\IRU
  LQWHUJUDQXODUFUDFNLQJRIGLVNVXSHUDOOR\VLQDLU"
 7HQVLOHWHVWVDWIDVWYHUVXVVORZVWUDLQUDWHV
  ZHUHXVHGWRFRPSDUHWKHHIIHFWVRIYDULHG
  DOOR\FRPSRVLWLRQDQGKHDWWUHDWPHQWRQ
  HQYLURQPHQWDVVLVWHGFUDFNLQJRIVHYHUDO30
  DQG&:VXSHUDOOR\V
  ±,QWHUJUDQXODUVXUIDFHFUDFNLQJRFFXUUHGLQ
   DLUIRUPDQ\RIWKHDOOR\VLQVORZVWUDLQUDWH
   WHQVLOHWHVWV
 0RUHH[WHQVLYHLQWHUJUDQXODUVXUIDFHFUDFNLQJ
  RFFXUUHGIRUVSHFLPHQVKDYLQJORZHULQHODVWLF
  IUDFWXUHVWUDLQV
  ±7KLVRFFXUUHGIRUPDWHULDOVDQGKHDWWUHDW
   PHQWFRQGLWLRQVKDYLQJKLJKGZHOOIDWLJXH
   FUDFNJURZWKUDWHV
 )DVWYHUVXVVORZVWUDLQUDWHWHQVLOHWHVWLQJ
  FDQGLVFULPLQDWHWKHDLUHQYLURQPHQWFRQWUROOHGIDLO
  XUHPRGHUHVSRQVHVRISRZGHUPHWDO30DQGFDVW
  DQGZURXJKW&:VXSHUDOOR\V
  ±5HVSRQVHFDQYDU\ZLWKVWUDLQUDWHHQYLURQPHQW
   FRPSRVLWLRQDQGPLFURVWUXFWXUH
 7KHGXFWLOLW\RI30DQG&:VXSHUDOOR\VFDQEHOLP 
  LWHGDWORZWHQVLOHVWUDLQUDWHVGXHWRDLUHQYLURQPHQW
  DVVLVWHGLQWHUJUDQXODUVXUIDFHFUDFNLQJ
  ±,QHODVWLFIUDFWXUHVWUDLQVFDQFRUUHODWHZLWKGZHOO
   IDWLJXHFUDFNJURZWKUDWHV
 $PDWHULDO¶VVHQVLWLYLW\WRDLUHQYLURQPHQWFRQWUROOHG
  LQWHUJUDQXODUFUDFNLQJFDQEHVFUHHQHGXVLQJWKLVWHVW
  PHWKRGRORJ\DVDRQHORZFRVWILUVWWLHUVFUHHQLQJWRRO
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Objectives
 (YDOXDWHWKHHIIHFWVRIYDULHGGLVNDOOR\FRP
  SRVLWLRQDQGPLFURVWUXFWXUHRQHQYLURQPHQW
  DVVLVWHGFUDFNLQJDWKLJKWHPSHUDWXUHXVLQJ
  WHQVLOHWHVWV
    8WLOL]HXQLIRUPJDJHVSHFLPHQVWRPLQLPL]H
  FRVWDQGDYRLGFRPSOH[FRPSHWLWLRQDW
  QRWFKHVRILQHODVWLFKDUGHQLQJFUHHSDQG
  VWUHVVUHOD[DWLRQZKLFKDOOFDQLQIOXHQFH
  FUDFNLQJ
 'HWHUPLQHLIYDULDWLRQVRIWHQVLOHVWUDLQUDWHV
  DQGDVVRFLDWHGWHVWGXUDWLRQVRI[
  LQIOXHQFHSURSHQVLW\IRULQWHUJUDQXODUFUDFNLQJ
  LQDLU
Procedures
 0DFKLQHGFRQYHQWLRQDOXQLIRUPJDJHWHQVLOH
  VSHFLPHQVWKDWZHUHORZVWUHVVJURXQGZLWK
  JDJHVHFWLRQVWKHQSROLVKHGSDUDOOHOWRWKH
  ORDGLQJGLUHFWLRQIRUDVVHVVLQJSRWHQWLDOVXUIDFH
  FUDFNLQJ
 7HQVLOHWHVWVZHUHSHUIRUPHGDW°&LQDLU
  XVLQJDUHVLVWDQFHKHDWLQJIXUQDFH6HYHUDO
  FRPSDUDWLYHWHVWVZHUHDOVRSHUIRUPHGLQYDFXXP
  ±³)DVW´WHQVLOHWHVWVZHUHSHUIRUPHGDWDQ
   DYHUDJHVWUDLQUDWHRIV±GXUDWLRQ
   WRV
  ±³6ORZ´WHQVLOHWHVWVZHUHSHUIRUPHGDWDQ
   DYHUDJHVWUDLQUDWHRIV±GXUDWLRQRI
   WRV
 *DJHVLGHVDQGIUDFWXUHVXUIDFHVZHUHWKHQ
  HYDOXDWHGIRULQWHUJUDQXODUFUDFNLQJ
Materials Evaluated
 3RZGHUPHWDO30DQGFDVWDQGZURXJKW
  &:VXSHUDOOR\V
 5HFRPPHQGHGKHDWWUHDWPHQWVVKRZQDQG
  VXSSOHPHQWDU\KHDWWUHDWPHQWVDOVRLQFOXGHG
 %DVHOLQHJUDLQVL]HVRIWRPDQG
  VXSSOHPHQWDU\JUDLQVL]HV
Tensile Tests Can Activate Intergranular 
Cracking in Air: e.g., ME3
 &RQYHQWLRQDOWHQVLOHWHVWV²$670(±
  V±
Tensile Response Changed With Environ-
ment: e.g., ME3
 0(KDGLQFUHDVHGHORQJDWLRQDQGHOLPLQD 
  WLRQRILQWHUJUDQXODUVXUIDFHFUDFNLQJLQYDFXXP
Tensile Response Changed With Strain 
Rate: e.g., LSHR(0.05C), Inconel 740
 'HFUHDVHGVWUDLQUDWHV
  UHGXFHGVWUHQJWKDQGDOVRFRXOGDIIHFW
  HORQJDWLRQDQGHQFRXUDJHLQWHUJUDQXODU
  FUDFNLQJ
Varied Microstructure Influenced This 
Changed Strain Response: e.g., 718Plus
Failure Modes Progressively Changed
No Intergranular Cracking:
718Plus Annealed, Inconel 740
Noncritical Intergranular
Cracking:
H282, 720-45 μm
Intergranular Cracking
Initiating Failure:
LSHR, ME3, 720-8 μm
Intergranular Failure:
718Plus-16 μm, 55 μm
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Comparison of the Superalloys With 
Their Recommended Heat Treatments
Comparison for Varied Quench, Aging 
Heat Treatments: LSHR(0.03C) at 32 μm
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